Chromogranin B (CgB, secretogranin I) is a widespread constituent of neuroendocrine secretory granules whose function is unknown. To determine whether CgB affects the sorting of peptide hormone and neuropeptide precursors to secretory granules, we overexpressed CgB in AtT-20 cells, which exhibit an only moderate capacity to sort proopiomelanocortin and proteolytic fragments derived therefrom. In mock-transfected AtT-20 cells, a substantial proportion of newly synthesized proopiomelanocortin and its two primary proteolytic products generated in the trans-Golgi network, the N-terminal 23-kDa fragment containing adrenocorticotropin and the C-terminal ,-lipotropin fragment, was secreted via the constitutive pathway. Two 
to be the precursors to peptides which, like pancreastatin, affect regulated secretion, presumably in a paracrine or autocrine manner (for review see ref. 17 ). However, it remains to be determined whether a role as precursors is the primary function of the granins in vivo.
It has been proposed that alternatively, or in addition, the granins operate intracellularly as (i) helper proteins in the packaging of certain peptide hormone and neuropeptide precursors into secretory granules (18, 19) and (ii) modulators of proteolytic processing of certain peptide hormone and neuropeptide precursors (20) . In support of these roles, in vitro studies show that the granins are capable of coaggregating certain peptide hormones (12, 21) and that they serve as competitive substrates for prohormone convertases (20) , but the physiological relevance of these observations for the in vivo situation remains to be established.
In the present study, we have investigated for the largest member of the granin family, chromogranin B (CgB, secretogranin I), a possible helper function in the sorting of certain peptide hormone and neuropeptide precursors to secretory granules. The approach taken was to study the consequences of overexpression of CgB in a neuroendocrine cell line. For this purpose, we chose AtT-20 cells, which exhibit an only moderate capacity to sort secretory proteins to the regulated pathway (22) . We reasoned that expression of a putative helper protein might improve the sorting efficiency of AtT-20 cells.
MATERIALS AND METHODS
CgB Expression Vector. Standard procedures of molecular cloning (23, 24) were used. The 15.8-kb Sac I/Bgl II fragment from the cosmid clone mcSgI-9c (25) , containing the entire mouse CgB gene except for the promoter and 33 nt of the 5'-untranslated sequence of exon 1, was placed 3' to the 3.6-kb EcoRI/HindIII fragment of the rat ,3-actin promoter (a gift from Ulrich Riither, Institut fur Molekularbiologie, Medizinische Hochschule, Hannover, Germany) and 5' to the 1.1-kb Xho I/HindlIl fragment from pMClNeoPolyA (Stratagene) containing the neo gene under the control of the herpes simplex thymidine kinase promoter. The final construct in pBluescript is referred to as pBNeo-rbA/mCgB.
Cell Culture, Transfection, and Selection of Stable Cell Clones. AtT-20/D-16V cells were grown in DMEM supplemented with 10% horse serum and 0.35% (wt/vol) glucose as described (26) . For transfection, 106 cells, detached from the dish and resuspended in 1.0 ml of Mg2+-free PBS, were mixed with 10 electroporated (250 V/500 ,F, Gene Pulser, Bio-Rad) according to standard procedures (23, 24) . The suspension of electroporated cells was diluted into 9 ml of the above growth medium, and the cells were replated on a 6-cm dish. After 2 days, the medium was replaced with selection medium [growth medium containing 0.45 mg of geneticin per ml (GIBCO BRL)]. The selection medium was changed every 2 days. Single colonies (50-100 per 6-cm dish) became visible between 7 and 10 days after starting the selection. Three rounds of transfection with a total of five 6-cm dishes were carried out. In the case of transfection with pBNeo-rbA/mCgB, integration of the DNA was verified by PCR amplification of genomic DNA using primers for the rat ,3-actin promoter (5') and exon 1 of the mouse CgB gene (3'). From the first transfection (CgB), 6 colonies (ml-m6) were picked; from the second transfection (CgB), 49 colonies (nMl-nM49) were picked; from the third transfection (mock), 20 colonies (neol-neo20) were picked. After expansion of these colonies, 5 AtT-20 clones stably transfected with mouse CgB. Northern blotting revealed that in each of the five CgB-transfected clones examined in detail in this study, the level of CgB mRNA was higher than in any of the five mock-transfected clones, the average increase being -2-fold (Fig. 1A) . Quantitation (Fig. 4 A and B) , a value similar to the t1/2 of constitutive secretion from the TGN in fibroblasts (35) and PC12 cells (11, 36) . We then compared the kinetics of secretion of m-POMC, POMC, and the 23K fragment labeled with
[35S]methionine/cysteine in the rough endoplasmic reticulum and found that they were very similar (Fig. 4C ). This indicated that the 23K fragment is secreted via the same pathway as POMC and m-POMC. Given the t1/2 of constitutive secretion from the TGN of 13 min (Fig. 4B) , the t1/2 of '40 min for the secretion of m-POMC, POMC, and the 23K fragment from the rough endoplasmic reticulum (Fig. 4C ) is fully consistent with transport along the constitutive secretory pathway. This in turn suggests, in line with previous observations by others (5, 6, 10, 32, 37, 38) , that the proteolytic cleavage of POMC yielding the secreted 23K fragment occurred in the TGN.
Additional support for this conclusion was obtained by the observation (Fig. 4D) (11) , secretory granules but occurred via the constitutive pathway. The reduced secretion of the 23K fragment (Fig. 2) , but not the ,3-LPH fragment (Fig. 3) , upon overexpression of CgB therefore implies that both POMC cleavage and a selective effect of CgB on the resulting 23K fragment (discussed below) occurred prior to the point of divergence of the constitutive and the regulated secretory pathway-i.e., in the TGN.
DISCUSSION
This study provides evidence for a role of CgB in the sorting of a neuropeptide-peptide hormone precursor to secretory granules. Specifically, we conclude that CgB promotes the sorting to secretory granules of the 23K fragment generated from POMC in the TGN, thereby providing more substrate for the production of ACTH in the former organelles (Fig. 5 ). This conclusion is based on the following observations and considerations. (i) In line with the results of other investigators (5, 6, 10, 32, 37, 38), the cleavage of POMC that yields the secreted 23K fragment (constituting the N-terminal portion of POMC) and ,3-LPH fragment (constituting the C-terminal portion of POMC) occurred in the TGN. (ii) CgB overexpression did not affect this cleavage. If this had been the case, CgB overexpression should also have affected the generation of the P-LPH fragment. This, however, was not the case because no difference was observed between mock-and CgB-transfected cells with regard to the generation and secretion of the P3-LPH fragment. (iii) It follows that the increase in the level of intracellular ACTH seen upon CgB overexpression was not due to an increased generation of 23K fragment in the TGN (which would then be packaged into secretory granules and further processed to ACTH) but, rather, to an increased sorting of the 23K fragment, after its generation in the TGN, to secretory granules followed by conversion to ACTH (5, 6, 9) .
What might be the molecular mechanism underlying the improved sorting of the 23K fragment? It has previously been proposed (18, 19) (-) or presence (+) of 5 mM 8Br-cAMP. Aliquots of the cell lysate (one-quarter, C) and the medium (one-sixth, M) were subjected to immunoprecipitation with antiserum K123 followed by SDS/PAGE and fluorography. The (41, 42) , which can be regarded as another member of the granin family (secretogranin V) (12, 43) . 7B2, which is associated with the pro-form of the prohormone convertases PC2 during intracellular transport from the endoplasmic reticulum to the TGN (44, 45) , is thought to prevent premature activation of PC2 and thus the premature cleavage of precursors (44) . The granins therefore emerge as important players in the secretory process of neuroendocrine cells that influence sorting (CgB) and processing (7B2) of peptide hormone and neuropeptide precursors (46) . It proportion of the 23K fragment generated in the TGN leaves this compartment, along with /3-LPH and uncleaved POMC, in constitutive secretory vesicles (thick arrow, bold letters). The remainder of the 23K fragment is sorted into secretory granules where it is further processed to ACTH (thin arrow, small letters). CgB overexpression (Right) decreases the proportion of 23K fragment secreted via constitutive vesicles (thin arrows, small letters) and increases that sorted into secretory granules, thereby increasing the amount of ACTH generated and stored in secretory granules (thick arrows, bold letters). CgB overexpression has no effect on the exit of j3-LPH from the TGN in constitutive secretory vesicles (bold letters; for clarity, arrows are not shown). 
